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2 o ZJ|2E 1Y Zy)E ASA 57/ A (oxic/anoxic) A7t H-&F FAkA ZANM 5] AR A
Al F71AA ] FHEE A F B vAe TS ZAIALH, SN P4 2007 HE A 2 3
Ao o FYggoe) ERZT 2ol B 4FHo F= IS RARIAT E¥ 71 £HAAFAIZHSRT; Sludge
Retention Time)# 313E] MLSS Ao EAs= vAE tjAdEo] B mjae 437 SHAE FA549S
o EEotel Z8ste Fus Al Bt ZAlstd BT
B 7)F2d 2 (oxic/anoxic) o] AlZH &) WE F71E R A AALEES AR A3 7] 40 HIE7) 2089 A7)
ZA9A A Efo| /Mg F33P R 5T A2 (oxic/anoxic) ZAL 4020802 3 2 A(step-7)0N A FEFY
L& AT A4 H@eks izl AY BT FS FFY vt 2is 9 3 ndEd gL $FE F=
& & & AeH, MBREAYA Q1 1 mgLE AAsE7] AsiMe o 0.7 mg/Lo] A Re] Bo3 ez AAHJ.

S > He

Abstract: By supplying air intermittently in various mode, the effects of oxic/anoxic time ratio and air scrubbing in
aeration condition on the membrane flux and permeability were investigated. When suction pump stops, vacuum pressure
remains inside the suction pump. Therefore, the effect of remaining vacuum pressure in the suction pump on fouling of
membrane was investigated. The effect of EPS (Extra cellular Polymeric Substance) which is generated due to the long
SRT and high concentration of MLSS and the dose of coagulant on the membrane were also investigated.

The suitable oxic/anoxic time ratio for the best removal efficiency of organic matter and nitrogenous matter was 40
minutes (Oxic) : 20 minutes (Anoxic). At this time ratio, alum was dosed into the aeration tank. The result of dosing alum
was that the concentration of alum solution might affect nitrification and denitrification. To remove | mg/L of phosphorus
in MBR process, it needs 0.75 mg/L of alum solution.

Keywords: MBR, alum, flux, intermittent aeration
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Table 1. Specifications of Hollow Fiber Membrane

MODEL HFL334LF
Membrane Material Polyethylene
Average Pore Size 0.4 ym
Effective Surface Area (m®) 3

Pipe ABS Rasin

Material of Parts

Sealant Polyurethane
Connection 15 mm Union Joint
Dimensions (mm) 400X 514 x50
Operation Differential Pressure < 40 kPa
Operation Temperature < 40°C
pH 2~11
Object Waste water
Z 8 2(m’/day) 0.25~0.35

A7k A7F 10 mg/l ojstols, Fash Q& 747 20
mg/l, 2 mg/l o|5t2 F3}s o] A AHEHIL e
g8t a-ﬁhﬁﬂﬂ‘ﬂoi—“— A Was £42
NES o 58] ¥ tﬂ 53 Rf=2
(SS) AIA7} AstA] ot ;qa] € Aelgstrl A%
TTE ALHo2RE FAPs, —ol Can R
B Adeee atte 7431/\1“«1 Eo] dgAol
o, 2o ot kgHolm F5d Med Fus
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A B2 A7 AT Qe Ry LA
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7y Blu A 7rasla FA4%E Fhol e AX 7} shesitt
= AHo] 9o Aol &uks] AP o1
AAE B vk xEe pdBYE Fa FHAA
h oEstY V&9 ALY AH HEHE o] &3t
2o] gz sty & A AFAZHSRT; Sludge

Retention Time)d] 237} 7453, MLSS (Mixed
Liquor Suspended Solids)E FHtj 15,000 mg/L7tA]
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Fig. 1. Schematic diagram of the MBR Reactor.
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Table 2. Influent Characteristics of Domestic Wastewater

Influent characteristics

Item
Min Max Avg
Temperature (°C) 13 30 -
pH 6.9 7.9 72
TCODcr (mg/L) 110 320 276.5
SCODcr (mg/L) 32 260 110.3
TBOD (mg/L) 76 265 108.6
SBOD (mg/L) 29 59 494
TSS (mg/L) 83 243 117
VSS (mg/L) 68 208 96
TN (mg/L) 28 46 373
NH4+-N (mg/L) 23 42 30
T-P (mg/L) 0.8 4.1 36
Z+zk 25 L, 80 L, 260 L2 % FRPZ A|Zst¢ T} €1
AAE 8 G Folshr] Aol ALAAE 9
@ x4 eAEAL 37) Aol /)28 1Y B
Ao LAY Ael4Ee 1.0 midayE A
Zleth. A3 A143 vhexe] JfgEE Fig 139
2o
2.3, fY+ 54
Aol AHgT ARE SA KA ARo)A BAsHe
248 Agsgen, 95 44e CODer, TN,
TP7} ztzt i 276.5 mg/L, 37.3 mg/L, 3.6 mg/LY

Table 3. Parameter Variations for Operational Step
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ko] 2383 1282 olfre 18 +AA FUAHA F

Hem Suction Time (min) Flux Rapid Flux

suction (oxic) non-suction (anoxic) (m3/m2 - day) (L/m2 - hr)
Step-1 12 min 3 min 0.25 13.02
Step( 1) continuous suction - 0.25 10.5
Step-2 10 min 10 min 0.25 20.83
Step-3 20 min 20 min 0.25 20.83
Step-4 10 (12) min 10 (8) min 0.25 20.83
Step-5 20 (23) min 20 (17) min 0.25 20.83
Step-6 30 (33) min 15 (12) min 0.25 20.83
Step-7 40 (43) min 20 (17) min 0.25 20.83
Run-1 20 (23) min 20 (17) min 0.25 20.83
Run-2 30 (33) min 15 (12) min 0.25 20.83
Run-3 40 (43) min 20 (17) min 0.25 20.83

: The case of dosing alum
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Fig. 2. Variation of flux and pressure in suction/non- suction rate.
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Fig. 3. Variation of flux and pressure on the aeration time.
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Fig. 4. Variation of flux and pressure at MLSS concentration.
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Fig. 5. Variation of flux and pressure to the Alum treatment.
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Table 4. Effluent Concentration of Organic Matter in Each Step
CODcr BOD SS
Item Effluent Conc. Removal Efficiency Effluent Conc. Removal Efficiency Effluent Conc. Removal Efficiency
(mg/L) (%o) (mg/L) (%) (mg/L) (%)
step-1 235 91.5 1.9 982 0.7 994
step-2 30.0 89.0 1.2 99.0 0.8 99.3
step-3 17.5 93.7 1.8 98.7 0.6 . 995
step-4 23.5 92.3 1.3 98.8 0.8 99.4
step-5 18.0 93.7 1.3 98.7 0.8 99.3
step-6 26.0 90.1 1.3 98.7 0.8 99.3
step-7 28.0 90.2 0.8 99.2 0.6 99.5
Table S. Effluent Concentration of Organic Matter by Alum Treatment
CODecr BOD SS
Ttem Effluent Conc. Removal Efficiency Effluent Conc. Removal Efficiency Effluent Conc. Removal Efficiency
(mg/L) (%0) (mg/L) (%) (mg/L) (%)
Run-1 15.0 94.5 1.0 99.1 0.6 994
Run-2 17.0 94.0 1.1 98.9 0.8 99.2
Run-3 16.0 94.0 1.1 98.9 0.7 99.3
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B2 & BY BER A A5l A
A A HA=H ole AF AF of e Foll A
Aol euE A2 wEeld 43 £7] MLSS7L
15,000 mg/L¥ o1} 24 HA F 5000~6000 mg/LE
A3 Btk oU Az F F3 Zdar 3z
(frame) 55 AT oz Z&3AY FASA
A48 A HEIRGA A3 F HAS AL3] s
37|41 % (air scrubbing)el] oJst F2j2 A8 AH%E o
& AL TE(module)?t EE(module)?] 7HAL 20
mmE HUe W P Fud 2HE AUy

3.5. ®712 MAHEHN

Table 4= AR7|7 549 F71E AA s 1o
3 doh AR7T T Y BEEEE CODer,
BOD, SS7} Z+z+ 276.5 mg/L, 108.6 mg/L, 117 mg/L
qow #&59 YEFEEE 21 myl, 1.3 mglL, 0.8
mg/L2 U453 A AgE HPd Step-1~Step-3S
e 712 37 g1 AE5EAE S vnAs
g M8 E7)E AR
49 £ 7+ E7)E 31A ¥ Step-l, 2,
39 %4 CODcr H%7} 4z} 2335, 30.0, 17.5 mg/L

H e Fr)E HF Step4, 5, 6, 72 235,

R
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Table 6. The Result of Nitrogen Removal Efficiency

N
Flo

ro
ol
i

Influent (mg/L)

Effluent (mg/L)

Removal Efficiency (%)

Item " - " n
™ NH;-N N NH,-N NOs-N TN NH/-N

Step-1 383 31.2 14.5 1.0 13.6 61.9 96.8
Step-2 35.7 29.8 13.5 0.9 12,6 622 97.1
Step-3 36.5 31.2 14.1 0.9 133 61.0 97.2
Step-4 36.8 29.2 12.0 1.0 11.2 67.3 96.4
Step-5 37.0 29.4 109 0.9 10.0 70.2 96.9
Step-6 38.0 31.0 113 0.9 103 70.1 97.1
Step-7 38.6 30.5 10.2 0.8 7.8 73.3 97.3

26.0, 21.6, 280.5 mg/LZ YElGTh WAkl A3 mg/Lo 2 bt

HHA BODd H3] CODY AAFEo] Tha EolA| T3 Z|RE EHoR A =AU Step-4

L.

= Aoz JEyEd ol Z7]EU MLSS (Mixed
Liquid Suspend Solid)7} Z7}3lHA mAYE hAAHE

(Soluble Microbial Product, SMP)o] Z7}3}lo] A E-&}

Aoz E3j7t E7hed f7180) S7HEY] WL
2 AR "W).
Table 59| UEld Run-1, Run-2, Run-3&% A =49k

S Tt 4¥F Aot {7189 AALEO|
BA GRS FoAsha] e TRz wg) Fz A
UeRged ole A4S
kg whgsle] B4

B A Are.

3.6. AARH &M
3.6.1. & Z2HHA

W3dks S o7 FEARL-Z ol HRT (Hydraulic Reten-
tion Time;, 2|84 AFAIZH7E AulHo g FHolA
AL AA&EC] At e E4& BAsta Y8l F
o 59 AAH FARE iyt sistuat e
8 Zy|x2 A3} Table 62 7} step ¥
< Yebd Zojth

Ah FEE 102 mg/lo|Pa ow AMAEE
Atk A& Z7]) 2492 Step-1~Step-39 A
77y 61.9%, 62.2%, 61.0%°] 91,

ol

< Ay (o B oo

o]

210 rlo Mo

A

wegel, A 15 4 Al 135, 2005

~Step-79] FAA AALL 2D 673%, 70.2%,
70.1%, 733%¥om, o XaFd FHAL FEE
12.0 mg/L, 10.9 mg/L, 11.3 mg/L, 10.2 mg/Lo] Gt}

FAL AARES v E W FEXVE £95

A %2 step-1~3° Hlgle] HPEZVE HEF step-
3~7 3F0] ¥4 Yegted 2 olfE #7180 *
Arzop AFAZ] FuUlE FALZ ZHAA OR
B AAH FrxdA FEF A dojd &
UNT FAhzAL AFAIT S ©E 24 53
7} Bt 34 Yl §E59 NO»-N %71 34 U
7] qEoz FETs].

T3 EET)E A 92 step-1~39] 5}

ABEIE BHY step3~7 FHNA A3E0] &
| Udebsted 2 olfE ARl S/ FAkA
Z344 At AAHEA f7180] Bol 2EH
AASA] fF71ERSE HA W] g ddd
CHS]-

Al

3.6.2. 7|/F4ata(oxic/anoxic) HIgo w2 A

Fig. 8& 3 7)/%-AkA(oxic/anoxic)®]-&o] @& &=
Yol AARES Ul Zolth 7] 219 AFA
7ro] VS GEUol AARE| FUtsle AL
2 Uegth gEYol AAEEE £7] 2719 AF
ATt 74 70 Step-79l4 Ho 97.3%E 7HE FEEA
ot a8y TU)/FEARAY Blgo] 113 2:149A4 Y
NH,' N AALES 435 was) 2d & 2o]7} ¢l
ooz Aok F7)/FAkA(oxic/anoxic)d] A FA]7HH]
&5 111 o]FoE djof & Fo|tt. F Step-79A4 &
Ak3}-8-(specific nitrification rate, SNR)-& 242} 3.31 mg
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Fig. 8. NH;'-N removal efficiency by oxic/anoxic time fraction.
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Fig. 9. Variation of NH,'-N and NOs;-N by oxic/anoxic time fraction.

NHy-N/gMv/hrol Gtk o8 2AZ Aitste] F83
A8AIZHE AHshE 9 TNo] 100% A ddArs
AgAcky 7S, Step-7914 49 TN 30.5 me/L,
MLVSS 5,000 mg/Le] Z7oA 1.84 hrZ A H
712 A FAIZEe] 6A1Z | TR 24|17} o] Fe] A4t}
g Z7] AT E27F AFAREY 173 oS
A AZEe R FAEE o] dasith

71152 A(oxic/anoxic) ZZA FARA
A5 GdEUol A AL

V/E-AF A (oxic/anoxic) F7

EIY

o

fe) L
N .

]
ze olf
= g

J—:IL
A £ AAF 1z A A48

et Ade] flo} Faksrt dojd & gle =
olFolxe 2 U] e R FHHHI]
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3.6.3. anoxic/oxic Hlgol| mZ &3
Fig. 95 &7)/%At(oxic/anoxic) Bl&o] WE

£ NOy-N9| 558 Y dEYoFEEE UE
Rolth. Step-7olA &9 NO»-N FE7} 10 mg/L
olatz Ueldon, 372 ARY FAALZAY AF
AlZke] Z7MEFE HE5Y NO»-N F=7} 2A Ye
Fre=g

AE7IZE 5 YT el AEHeE HHd
AAAAZ 95 COD/TNB|O 118 &8 5~7 A%
ez BEFea &5 A=y ¥A Jeids
& & Aok ol B FaazE wdEHe w
202 A gF HgE&Est B
Z710] AARAHEA AFAL F7t

ZFE3 dojd Aoz & & ok o
7t AgtsEle A9 dex AAe 83
248 374 FozN HuA L& &
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Table 7. The Removal Effect of Nitrogen and Phosphorus in Alum Concentration

It Dose of Alum TP TN
em
(mg/L/d) Inf (mg/L) Eff (mg/L) RE (%) Inf (mg/L) Eff (mg/L) R.E (%)
1 126 7.7 0.0 100 48.2 33.8 30
2 253 8.1 0.0 100 46.2 214 54
3 12.6 9.4 0.0 100 442 17.9 60
4 6.3 7.4 0.3 96.2 43.8 10.9 75
5 3.2 8.2 1.3 84.1 44.7 10.3 77
l¢— alum dose : N0 -——pl¢—  alum dose : —-hl
5 yes 100
4| _ Sl g
g 3 160 8
g 5
[=] —
2 1 40 [
N 3
- 5
1 \—’.\‘ 1 20 4
0 0
step-4 5 6 Run-1 2 3
~—&— Inf —e—Eff —a— Removal efficiency

Fig. 10. The removal effect of total phosphorus in each step.

de HF9 ¢ =

1} Step-5, 6, 79X F7E
1%&}%1 - Step-70] HZH 4
Ak whebA Step-7¢] Wz
AdFTY HAES HAEA
TE 27 98 g dA=E
Z915lgth. Table 7& ©HAE FEF

a9t A9 AARLES vEhd Ao

X

T FE

o[o

A Z7212001)] AN 4 (1ol A ]
z 8404 126 mgLE ZYstgont 2
£0] 78.8% A 30%=2 23] AstH AT}
#ol shtjalel A4 sl g o0
Bobete] okE F9S 253 mglE £9M FY
SATH10].

+

P

g
&
°]

v
A

-

e

o k12 Mo

Q ° (CO_ C)MWalum
2-M thoshorous

xS ¢))

Dose =

wugel & 15 & A 1 3, 2005

2 (DA Qe 3 m')s), CoE Z¢(mgll), CE &
EFAmgL) MWpephows= 19 EAEF  (g/mol),
MW A 24 (g/mol)ol™ S= FAAFEHA
oF 1.5 52 AMHE3IH10].

olwf HelFul AL HEHR Ao ALAAL
&) 54%=2 FEZAY AAELES B T3
Al AR 126 myL FY4tAeh FE9 ¢S
Zod $AYPS o FE35 Q& AEHA ggoy
FAh AAEEC] 60%E ‘4%8 Fst7] A9 AR
FE IHIR BIPgor fFE5Y 24 FE7H 179
mg/LZ AEZFHJY. AAAEES =ol7] H3
F FU9¥S 32 mgLE FU5AT ojdf A& AAR
£ TI%E FES FYIN] M ALAARES 35
sggou A9 ¢ FE7) 1.3 mgLE HEHAUG-

FrEd 29 FEF 0.5 mglLE Y¥57] 98t ok F

o=
o] F& F/MAA ex EHUH 63 mgLE FHI
23 AAAALZEE 5%HoH, AHeEx 2 <9
B F5E 0.3 mgLYtt
GFFY gAY AA HREE )24 A T
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Fig. 11. Variation of DO concentration by MLSS concentration.
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< ¢ den, MBREACAM ¢ 1
[e]

i 7 9 %
A AlOy7} &%

ol 71%4 SHA A7l 2 *é%ﬂiﬂ%”éﬂl H| 3] 3—8—
F SHA 28H= AeE ALRHTHI0]

3.7.2. Stept 2l x|

Fig. 102 Step Q1 A|AH ¢S Vel 2gxo]
ot A8 7T F FdrEy 9 ﬁéiﬁ %E—t— 3.6 mg/L
At dFS FHs7] A 9 A
2 £A3 Step-4~79 Xﬂﬂﬁ%"]
25.7%, 27.0%¥oH, §&549 9 & 2.8 mg/l,
2.6 mg/L, 2.7 mgLAth GEFS FY3s7) A < Al
AL BE Stepll A A9} Aol7t gloH, midE
o] EFA ololle AMAHA ¥ AR FdHT
HE FU T Q0 AAEL Step-4, 87.5%, Step-6,
86.8%, Step-7, 87.1%9 o8 &&+%F9 9 F:E
717} 0.4 mg/L, 0.5 mg/L, 0.4 mg/LYch &9 AR
& HA 20%0M HI1 40.9%S JEFH oL} o F F
A Foll= 86.8% o F HIeH, AEsr F9 Y F
TE 0.5 mgl oj3tg AZHY

OH

3.8. £7|/e|Z7| v|Eo| }E DO s %

MLSS 5% ¥t} 57)/5F2k2(oxic/anoxic) A|Z7HH]
&9 @2 DO W3S Fig. 119 Jeigich. A<
A%3tE 99 24 DO =2 2.0 mg/le] =dhs
A)7to] MLSS ¥%7} 2,150 mg/L, 4,170 mg/L, 6,250
mg/L, 8,100 mg/L7} 242} 4, 8, 20, 30&0] 425,
MLSS7} 718442 727004 DO &&80] o}

A& & Aok
a8y B Ao MLSS7E S71E4E &)
3t 718 Ano] Bol A {15 )

Zgo] gloma DOEE/L 2.0 mg/lL o3¢
M= AAsE7} 97.3% o] dojton, o
dZYol Fe 0.4 mg/Lo]FTH8]

A 274 DO ZA Ak MLSS F%7t
2,150 mg/L, 4,170 mg/L, 6,250 mg/L, 8,100 mg/LY
o, Z+7} 8%, 6%, SE, 4Btk MLSS %7t =&
+5 ke galgo] Ao} Tk zHoz ABHY)
e DO 57} AAT. DO A7+ AJ7+o] MLSS 2,150
mgLYd 8% FE AQEHUT T o] FEAAE
HA 680l 28HRoRE & V|/[FAA(oxic/anoxic)
AT HlE 2A A FES EEAAE 2] HEME

& 158 ojder ZHEs|o}l =
RAeg ZAHA

MLSS =¥ OUR (Oxygen Uptake Rate)> MLSS
%57} 2,150 mg/L, 4,170 mg/L, 6250 mg/L, 8,100
mg/LY o} Z+Z} 25.9, 33.2, 26.2, 30.0 mgO,/L - hrZ
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ZAE %tk MLSS =7} 2150 mg/Ly wj7h 8,100
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